Objectives-Pericardial fat as a visceral fat depot may be involved in the pathogenesis of coronary atherosclerosis. To gain evidence for that concept we sought to investigate the relation of pericardial fat volumes to risk factors, serum adiponectin levels, inflammatory biomarkers, and the quantity and morphology of coronary atherosclerosis. Methods and Results-Using Dual source CT angiography pericardial fat volume and coronary atherosclerosis were assessed simultaneously. Plaques were classified as calcified, mixed, and noncalcified, and the number of affected segments served as quantitative score. Patients with atherosclerotic lesions had significant larger PAT volumes (226 cm 3 Ϯ92 cm 3 ) than patients without atherosclerosis (134 cm 3 Ϯ56 cm 3 ; PϾ0.001). No association was found between BMI and coronary atherosclerosis. PAT volumes Ͼ300 cm 3 were the strongest independent risk factor for coronary atherosclerosis (odds ratio 4.1; CI 3.63 to 4.33) also significantly stronger compared to the Framingham score. We furthermore demonstrated that elevated PAT volumes are significantly associated with low adiponectin levels, low HDL levels, elevated TNF-␣ levels, and hsCRP. Conclusion-In the present study we demonstrated that elevated PAT volumes are associated with coronary atherosclerosis, hypoadiponectinemia, and inflammation and represent the strongest risk factor for the presence of atherosclerosis and may be important for risk stratification and monitoring. (Arterioscler Thromb Vasc Biol. 2009;29:781-786.)
T here is growing evidence that regional visceral fat distribution may contribute to an unfavorable metabolic and cardiovascular risk profile. 1, 2 In patients with obesity, insulin resistance, diabetes, and hyperlipidemia visceral fat hypertrophies and transforms into a multifunctional organ that produces and secretes multiple endocrine and paracrine factors promoting inflammation, neovascularization, and oxidative stress, features that also characterize atherosclerosis. 3 Pericardial fat as a local visceral fat depot with close proximity to coronary arteries may serve as a source of inflammatory cytokines and cells that may locally enhance systemic proatherogenic effects via outside to inside signaling. 4, 5 Thus it may be a specific parameter indicating an unfavorable cardio-metabolic state and may be used for risk stratification. To date, however, only little attention has focused on this regional fat depot located around the heart and its relation to cardiovascular risk factors, and the quantity and composition of coronary atherosclerosis is not well studied yet.
Multi-slice CT is a noninvasive tool that allows to reliably assess both obstructive and nonobstructive subclinical coro-nary artery disease in an earlier stage than invasive angiography. 6 -9 Based on density measurements, plaques can be further characterized in noncalcified, mixed, and calcified plaques. 7 By using the same scan data this tool furthermore allows to quantify the exact pericardial fat volume. 9 We thus sought to assess the relation of pericardial fat volume to cardiovascular risk factors, levels of inflammatory cytokines, adiponectin, and to the extent and the phenotype of coronary atherosclerosis.
Methods
For detailed methods, please see the supplemental materials (available online at http://atvb.ahajournals.org).
Coronary Analysis
Atherosclerotic plaques were classified as calcified, mixed, or noncalcified as described previously by our group. Based on the number of diseased segments a plaque score for each patient was calculated. 10 Following the publications of Stary et al, Mautner et al, and most recently Bamberg et al, we defined existence of exclusively noncalcified plaques in a patient as early stage atherosclerosis. [11] [12] [13] [14] 
Peri-and Epicardial Fat Assessment Protocol
The pericardial fat volume was measured in cm 3 using the Volume Analysis software tool of our cardiac workstation (Siemens, Leonardo). We defined pericardial fat as epicardial fat plus paracardial fat.
In a subset of 120 patients both epi-and pericardial fat volume was determined. Our analysis revealed an excellent correlation (Pearson correlation coefficient rϭ0.97 between those two fat depots and an equal correlation of both fat depots with the number of atherosclerotic plaque rϭ0.40 versus 0.41). Because epicardial fat volume was less reproducible (interobserver variability 15%) compared to PAT volume (8%), only the latter was used for further analysis. In our study, the acquisition of an additional data set was not necessary to determine PAT volume; the data set of coronary CTA could be used.
Results
DSCT angiography could be performed in all 286 patients. Adequate image quality for evaluation of coronary plaques could be obtained in 264 patients. The remaining 22 patients with insufficient image quality because of motion artifacts (nϭ17) or insufficient opacification were ex-cluded from the study. In all 264 study patients, PAT volume could be determined.
Morphology of Coronary Plaques
In 56 of 264 (21%) patients coronary plaques could be excluded, 42 (16%) patients showed only noncalcified plaques, 110 (42%) patients revealed a mixture of all plaque types, and 56 (21%) patients exclusively calcified plaques.
Relation of PAT Volume to Age, Gender, Risk Factors, and Coronary Plaques
We found a significant increase of PAT volume with age in both men and women from 148Ϯ77 cm 3 in patients under 40 years to 252Ϯ118 cm 3 for patients above 70 years (PϽ0.05). In all age groups women showed a significantly lower PAT volume compared to men. Patients with cardiovascular risk factors showed a significantly higher PAT volume compared to patients without cardiovascular risk factors (222Ϯ110 cm 3 versus 187Ϯ71 cm 3 , PϽ0.05). We also found an increase of PAT volume with an increasing number of risk factors: from 187Ϯ71 cm 3 in patients without any risk factors up to 226Ϯ119 cm 3 in patients with 3 or more risk factors (PϽ0.05). PAT volume correlated with BMI (rϭ0.45, PϽ0.0001) and with the number of diseased coronary segments (rϭ0,44, PϽ0.0001). The correlation of PAT volume and number of plaques remained statistically significant even after adjusting for BMI ( Table 2 ). There was no correlation between the presence or the number of atherosclerotic segments and BMI (rϭ0. 12, Pϭ0.13) .
Patients with any coronary plaque showed a significant higher PAT volume compared to patients without coronary plaques (226Ϯ97 cm 3 compared to 134Ϯ56 cm 3 , PϽ0.01). This difference was persistent independent of patients age ( Figure 1 ). A significant difference in PAT volume between patients with noncalcified, calcified, or a mixture of all plaque types could not be observed, although patients with exclusively noncalcified plaques had a significantly lower plaque burden ( Table 3 ). All plaque types revealed a similar and significant correlation to PAT-volume ( Table 3) .
The relative risk for the presence of coronary plaques in dependence of PAT-Volume and risk factors is given in Table  4a and 4b. The area under the ROC curve to discriminate patients with atherosclerotic plaques from those without plaque was significantly higher for PAT volume compared to the Framingham score (0.82 versus 0.64, PϽ0.02, Figure 2 ).
Relation of PAT Volume to Serum Lipids, Inflammation, and Adiponectin
Using the spearman correlation coefficient a significant correlation between PAT volume, Adiponectin (inverse correlation), HDL (inverse correlation), TNF-␣, and hsCRP could be observed (Table 4c) . No correlation was found between PAT volume and IL 6 and LDL.
Discussion
The results of the present study demonstrate that PAT volume is strongly associated with the presence and extent of coronary atherosclerosis. This relation is independent of body mass index. Compared to all traditional risk factors including the Framingham Score, PAT volumes Ͼ300 cm 3 represented the strongest predictor for the presence of coronary atherosclerosis. We further found a significant association of PAT volumes to hypoadiponectinemia and systemic inflammation. Patients revealing only noncalcified plaques already reveal significantly elevated PAT volumes, indicating that PAT volume accumulation may precede plaque calcification and the development of mature atherosclerotic plaques in general. Thus PAT volume quantification may be used in addition to calcium scoring to identify patients with coronary artery disease even in the absence of coronary calcium.
Measurements of PAT Volume
It is widely accepted that the amount of visceral fat is an important cardiovascular risk factor. Because quantification of visceral abdominal fat is difficult, waist circumference is clinically used as a surrogate marker. Waist circumference, however, could be confounded by large amounts of subcutaneous fat, and a number of studies have demonstrated that waist circumference reflects both subcutaneous and visceral fat amount with only moderate correlations to intraabdominal fat. 15 Thus efforts are made to develop better measures of visceral adiposity. 16 In the context of coronary artery disease PAT is attributable to its location of particular interest. Thus peri-and epicardial fat was quantified in recent studies by different imaging tools. Iacobellis et al have shown using echocardiography that the thickness of epicardial fat anteriorly to the right ventricle is highly correlated to the amount of visceral adipose tissue determined by MRI. 16 They further demonstrated that epicardial fat thickness correlated well with PAT volume determined by MRI. In two additional studies using CT, PAT volume was highly correlated to visceral abdominal fat. 9, 17 By echocardiography the thickness of PAT anterior to the right ventricle is generally used as a surrogate marker for the entire PAT volume. Iacobellis et al have shown that these measurements correlate well with PAT volume measurements by MRI. 15 The advantage of echocardiog-raphy is the fact that it can be easily performed and is less demanding compared to MRI and CT. The disadvantage is the inability to determine the exact PAT volume, as the distribution of PAT around the heart is variable, single measurements of fat-thickness at one location only may significantly under-or overestimate the real PAT volume. Multi-slice CT allows to visualize coronary arteries in a detailed manner and allows to detect and characterize atherosclerotic plaques even in subclinical stages. Because of the submillimeter resolution it is the most accurate tool to quantify PAT volume. Therefore it offers the unique opportunity to simultaneously assess both the presence and the extent of coronary atherosclerosis and the magnitude of PAT volume. MSCT exams are, however, associated with radiation exposure. In our study a protocol was used for CT coronary angiography with an average dose of 9.4 msv. However, radiation dose for CT angiography can be minimized down to 2.5 msv using the sequential scanning technique, and it is expected that wider detector coverage radiation may be reduced below 1.5 msv. PAT volume, however, can also be determined with less sophisticated scan protocols that are used for calcium scoring. The radiation for this type of scan is Ϸ0.5 msv, which equals 6 chest X-ray examinations and is 10% of the annual natural background radiation in southern Germany (5 msV per year).
PAT Volume and Its Relation to Cardiovascular Risk Factors
Recent studies have demonstrated that epicardial and PAT volume is related to cardiovascular risk factors indicating the metabolic syndrome. Iacobellis et al demonstrated an independent and significant relation of epicardial fat thickness assessed by echocardiography to fasting insulin levels and diastolic blood pressure. 8 In addition to these findings we now demonstrated that PAT volume increases with the number of risk factors. In the multivariate analysis it is significantly correlated to hypertension, diabetes, age, and hypercholesterolemia, and thus it reflects the clustering effect of multiple risk factors in the individual patient and is a good indicator for the metabolic syndrome.
PAT Volume and Its Relation to Coronary Atherosclerosis
So far there are only a few studies investigating the association of PAT volume and coronary atherosclerosis, although there is striking evidence that visceral fat is adversely related to cardiovascular risk. In a recent study by Jeong et al, 18 PAT volume was the best predictor for angiographic disease severity compared to waist circumference or visceral abdominal fat volume. 18 Ahn et al have demonstrated that patients with significant obstructive coronary artery disease have significantly more epicardial fat determined by echocardiography than patients with non significant coronary artery disease. 17 These results are in line with the observations of our present study. Patients with evidence for any plaque on Dual Source CT-angiography revealed on average significantly higher PAT volumes than patients without coronary lesions. Increasing PAT volumes increase the risk for the presence of coronary plaques substantially. The ROC analysis revealed that 95% of patients with PAT volumes Ͼ300 cm 3 had detectable coronary atherosclerosis. Compared to traditional risk factors PAT volumes Ͼ300 cm 3 represent the strongest independent risk factor for the presence of coronary plaques (odds ratio 4.1). Interestingly, we found absolute no association between BMI and presence or extent of coronary atherosclerosis, so that this parameter seems to be not useful in predicting coronary artery disease.
Association of PAT Volume and Plaque Composition
In addition to plaque burden we examined for the first time the association of plaque composition and PAT volume. Prior studies using MSCT have demonstrated that the number of noncalcified plaques is associated with unstable coronary artery disease, and it was suggested that these lesions may indicate an elevated disease activity. 19 -21 Bamberg et al recently demonstrated that noncalcified plaques on MSCT are a feature of early stage atherosclerosis and that their number decreases with age whereas the number of calcified lesions increases. 11 Unfortunately CT does not yet allow an accurate and reliable further classification of noncalcified lesions in fibrous and lipid-rich vulnerable lesions, so that we only classified in calcified, mixed, and noncalcified lesions. 7 We found no difference of PAT-Volumes between patients with only noncalcified, mixed, or only calcified lesions. All types of plaques individually and independently correlated significantly with PAT-volume with similar correlation coefficients. However, patients with exclusively noncalcified plaques were significantly younger and had a significantly lower plaque burden than patients with calcified lesions. These findings indicate that PAT-Volume accumulation is already present before plaque calcification occurs and it may also precede development of atherosclerosis in general. This speculation is supported by a study of Lear et al who observed that abdominal visceral fat accumulation was more strongly associated with carotid intimal thickening than to plaque number and plaque area. They hypothesized that visceral adipose tissue-derived proatherogenic factors are responsible for early endothelial dysfunction and predisposition for atherosclerosis. 22 Thus it may be used additionally to calcium scoring as a parameter indicating an increased cardiovascular risk, and it may indicate an elevated disease activity even in patients with lower plaque burden. However, whether these cross-sectional observations will translate into a higher rate of complications in prospective trials has to be proven.
Pathophysiological Considerations
Visceral fat is able to produce large amounts of proinflammatory chemokines like TNF-␣, IL-6, free fatty acids, or plasminogen activator inhibitor-1 (PAI-1). All of them are also involved in atherosclerosis and thrombosis. Adiponectin is a hormone that is exclusively synthesized by adipocytes and has antiatherosclerotic properties. The release of adiponectin is reduced by TNF-␣ in states like obesity and insulin resistance. We assume that the correlation of PAT volume and systemic inflammation and hypoadiponectinemia, observed in our study, is driven by the fact that PAT volume is a surrogate marker for the entire visceral fat burden. Nevertheless, because of its location around the coronary vessels, evidence suggests that PAT locally enhances systemic atherogenic effects, accelerating initiation and progression of coronary atherosclerosis. In patients undergoing bypass surgery it could be demonstrated that PAT reveals a pathological adipokine and cytokine profile as well as a large number of inflammatory cells, which could not be observed in subcutaneous fat. 23 The exact mechanism on how cyto-and chemokines originating from pericardial adipocytes enter the vessel wall and accelerate and initiate atherosclerosis is not clear yet. These inflammatory mediators may exert their effect through diffusion and direct adventitial contact. In a porcine model adventitial treatment with proinflammatory factors resulted in early stage atherosclerosis and migration of inflammatory cells into the vessel wall. 24, 25 Another mechanism may be a direct communication of the vasa vasorum with epicardial adipocytes. The concept of this kind of local signaling is supported by some interesting observations in human studies: (1) There is a closer correlation and association of PAT to coronary atherosclerosis than of abdominal visceral fat to coronary atherosclerosis. 17 (2) In the human myocardial bridge where visceral fat around the coronary vessels is totally absent, no atherosclerotic plaque development can be observed.
(3) By using intravascular ultrasound it could be demonstrated that plaques develop most frequently with a pericardial spatial orientation suggesting a permissive role of pericardial fat. 26 (4) In coronary arteries that on autopsy revealed plaques with large necrotic cores more macrophages in periadventitial fat could be observed than in vessels without lipidcore plaques. 4, 27, 28 
Limitations and Clinical Perspectives
The findings of our study identify PAT volume as a strong and independent risk factor for coronary artery disease. By using CT this local fat depot can be easily quantified even on native CA scoring scans with an acceptable radiation exposure. Future prospective trials, however, are needed to prove the incremental prognostic impact of this parameter over CA scoring and traditional risk factors. As we have found some evidence that pathological PAT accumulation may precede the development of atherosclerotic plaque and indicates a proatherogenic state, this fat depot may be an attractive target for antiatherosclerotic therapies, and future research should also address the effect of different drugs and weight modifying strategies on PAT volume.
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